Abstract Eyeblink and postauricular reflexes to standardized affective images were examined in individuals without (n = 37) and with (n = 20) autism spectrum disorders (ASDs). Affective reflex modulation in control participants replicated previous findings. The ASD group, however, showed anomalous reflex modulation patterns, despite similar self-report ratings of pictures. Specifically, the ASD group demonstrated exaggerated eyeblink responses to pleasant images and exaggerated postauricular responses to unpleasant images. Although ASD is often conceptualized in terms of specific deficits in affective responding in the social domain, the present results suggest a domain-general pattern of deficits in affective processing and that such deficits may arise at an early phase in the stream of information processing.
Introduction
classic treatise on autism was titled ''Autistic Disturbances of Affective Content.'' Clinically, individuals with autism have minimal affective response to social aspects of their environment yet can exhibit extreme affect to ostensibly inconsequential nonsocial aspects of the environment. A child with autism may remain affectively flat even when enthusiastically greeted by his parent; however, the same child may become visibly excited at the sight of swirling water. This range of reactions may be troubling to caregivers, may lead to avoidance by peers, and detracts from a child's ability to learn from his social environment in an experience-dependent manner. Thus, the core features of the disorder may be conceptualized in terms of affective dysregulation. In addition, existing studies of psychiatric features confirm the presence of high rates of affective disturbances in autistic individuals and their families, and mood and associated behavioral problems are frequent targets for pharmacologic treatment in this population (Mazefsky et al. 2008; Bolton et al. 1998) .
Despite the potential relation of dysregulated affective processes to the core features of autism, little is known about affective disturbances in this disorder. In contrast, the recent emergence of the field of social cognitive and affective neuroscience has suggested that deficits in affect regulation may characterize virtually all other DSM-IV Axis I and II disorders (Ochsner 2008) . Outside of autism research, much is known about affective phenotypes, the neural circuitry involved in basic affective processes, the genetics of affective disorders, and both medical and psychological treatments that can be used to target affective disorders (Arinami et al. 1996; Fowles 1988; Depue and Iacono 1989; Larson et al. 2007 ). The goal of the present study was to assess basic affective processes in autism via an examination of affective modulation of the startle response, a well validated measure of affective processing. Ultimately, the study of neurobiologically-based responses to affective stimuli in general may elucidate neurobiological systems mediating social interaction deficits in autism spectrum disorders (ASD).
Consistent with a broad affective processing approach to understanding social cognition in ASD, Bachevalier and Loveland (2006) proposed that a critical but neglected component of biological accounts of social cognition deficits in ASD is impaired social-affective behavior that is mediated by the orbitofrontal-amygdala circuit. This circuit includes the ventromedial portion of the prefrontal cortex, the amygdala, and connections with the hypothalamus and brainstem (MacLean 1949; Papez 1937) , as well as dorsal and ventral circuits that mediate online processing of sensory events and monitoring of emotional states, respectively. This model suggests that social cognitive deficits in ASD may reflect impaired responses to the broader category of affective stimuli, of which social stimuli are but one (albeit prominent) member. It also implies that measures sensitive to orbitofrontal-amygdala functioning may be well-matched to understanding social processing deficits in ASD.
Affective modulation of the startle reflex is particularly well suited to address the integrity of brain circuits mediating affective processing in ASD because the neurobiological mechanism mediating its modulation has been exquisitely documented (i.e., direct projections from the lateral and central nuclei of the amygdala to the nucleus reticularis pontis caudalis (Davis 1989; Davis et al. 1997; Hitchcock and Davis 1987; Fendt et al. 1994) . Additionally, the superb temporal resolution of electromyography (EMG) allows for conclusions regarding functioning of these circuits that does not reflect feedback connections from other brain regions.
In the present study, affective modulation of the startle eyeblink and postauricular reflexes were assessed. The eyeblink reflex is recorded by positioning EMG recording sensors under the eye and measuring the vigor of the obligatory eyeblink response when the subject is mildly startled. A substantial body of nonhuman (Davis et al. 1993 ) and human (Lang et al. 1993a, b) research has demonstrated that responses to startle probes are modulated by emotional factors. In particular, affective context modulates the magnitude of the startle eyeblink reflex, a phenomenon believed to index defensive-protective tendencies (Lang et al. 1998; Bradley et al. 1993) . When nonclinical samples view affective pictures, startle eyeblink response magnitudes are modulated by picture valence: unpleasant pictures potentiate and pleasant pictures attenuate the reflex, relative to neutral pictures (e.g., Bradley et al. 1993; Dichter et al. 2002) . This linear 1 pattern of valence-dependent startle modulation is thought to reflect the priming of neurobiologically-based defensive and appetitive systems by unpleasant and pleasant stimuli, respectively (Lang et al. 1998) .
The startle eyeblink response is primarily an index of defensive priming and is not ideally suited to index approach-oriented states (Dillon and Labar 2005; Dichter and Tomarken 2008) . This is at least in part because the inhibition of the startle blink during pleasant pictures reflects the continuation of an early attentional attenuation of startle blink magnitude during emotional pictures (Bradley et al. 1993) . The postauricular (PA) reflex, however, appears to be ideally suited to index appetitive emotional states. The PA reflex is a vestigial muscle response in humans that acts to pull the ear backward (Gray 1901 (Gray /1995 O'Beirne and Patuzzi 1999) , and is recorded by positioning EMG recording sensors behind the ear and measuring the vigor of the PA muscle in response to a startle probe.
Because the PA reflex is also evoked by an acoustic probe stimulus, it may be assessed concurrently with the startle eyeblink response. The PA reflex tracks affective predispositions; however, the direction of the reflex-affect relation is generally the opposite to that observed for the eyeblink reflex: approach motivational states potentiate and defensive motivation states attenuate PA reflex magnitudes, respectively (Hess et al. 2007; Benning et al. 2004 ). It has been theorized that the neural circuit for the PA reflex parallels that of the eyeblink reflex circuit in terms of input (i.e., the cochlear nucleus) and output (i.e., the facial-motor nucleus), but it does not include the nucleus reticularis pontis caudalis-the juncture of the startle circuit at which input is received from the amygdala (Hackley 1993) .
Startle eyeblink reflex modulation has received limited attention in the autism literature, and no study to date has investigated PA modulation in ASD. Bernier et al. (2005) reported intact fear-potentiated startle eyeblink responses in individuals with ASD using a fear-conditioning paradigm. The fear-potentiated startle paradigm indexes startle modulation to a cue conditioned to signal threat (e.g., an aversive air puff). These authors concluded that the capacity of the lateral and central nuclei of the amygdaloid nuclei to potentiate the startle reflex is intact in ASD. However, Wilbarger et al. (2009) investigated startle eyeblink modulation during emotional picture presentation in ASD and found that reflexes were larger to both pleasant and unpleasant pictures, compared to neutral pictures. The authors interpreted these findings to reflect an increase in defensive system activity in ASD, despite similar subjective image rating. However, this study did not measure the PA reflex and did not include subjective ratings of image arousal.
In the present study, modulation of the startle eyeblink and PA reflexes were assessed in response to normative pictorial stimuli drawn from the International Affective Picture System (IAPS, Lang et al. 2005) . This paradigm extends the Bernier et al. (2005) and Wilbarger (2009) studies by recording both startle eyeblink and PA modulation in response to externally presented, normative emotional stimuli. Given that the PA reflex may be more sensitive to positive emotional states (Benning et al. 2004 ), a comprehensive assessment of affective startle modulation during both unpleasant and pleasant emotional states would optimally include measurement of PA reflex modulation.
Our primary hypotheses were that the ASD group would show non-linear affective modulation of the eyeblink and PA reflexes. These hypotheses are based on the findings of Wilbarger et al. (2009) as well as neuroimaging studies documenting anomalous affective modulation in ASD of regions mediating affective responses in a number of contexts (e.g., Baron-Cohen and Belmonte 2005; Schultz et al. 2000) . We additionally had specific hypotheses regarding responses to pleasant stimuli based on evidence of reduced voluntary gaze toward social stimuli in ASD (Sasson et al. 2008 ) and of heightened arousal in response to social stimuli in ASD (Dalton et al. 2005 ). The conceptualization that social cognition deficits in ASD may reflect a broader dysfunction in processing putatively appetitive stimuli led us to hypothesize blunted startle modulation to pleasant images specifically. Secondary analyses concerned subjective affective responses to IAPS images. Because alterations in affective responding are typically evident in psychophysiological but not subjective measures in other disorders (Dichter and Tomarken 2008; Dichter et al. 2004) , we hypothesized that group differences would be evident in psychophysiological, but not subjective, responses.
Method

Participants
Participants with ASD were recruited through the University of North Carolina (UNC) Autism Spectrum Disorders Registry in conjunction with regional TEACCH (Treatment and Education of Autistic and related Communication-handicapped CHildren) clinics. They received a DSM-IV (American Psychiatric Association 1994) clinical diagnosis of an ASD by an experienced clinician and met lifetime criteria for autism or ASD on the Autism Diagnostic Interview-Revised (ADI-R, Lord et al. 1994) . Comorbidity information from the ASD sample was not collected. Typically-developing participants were recruited via mass emails sent to UNC faculty and staff, and verified during a phone screen that they did not have a history of any psychiatric or developmental disorder, were not taking psychotropic medications, and did not have an immediate family member with an ASD diagnosis. Participants received $20 for completing the startle session.
Data were not analyzable from four participants with ASD and one neurotypical participant because discomfort with skin abrasion yielded unacceptably high impedances ([50 kX). The final ASD sample consisted of 20 participants (3 women; age range: 10.1-17.4 years, mean = 12.4, SD = 1.8; diagnoses: eight autistic disorder, seven Aspergers, three PDD-NOS; two not specified). The final neurotypical sample consisted of 37 participants (4 women; age range: 10.7-30.4 years, mean = 17.4, SD = 4.8). Groups differed with respect to age, t(55) = 3.61,
65. Eight children with ASD were taking psychotropic medications (six were taking one medication and two were taking two medications; six were taking SSRIs, two were taking stimulants, one was taking an atypical antipsychotic, and one was taking an alpha-2 agonist).
Stimulus Materials
Each participant first viewed five neutral images presented with startle probes to allow the startle response to habituate (these trials were not included in analyses), followed by the experimental set which consisted of 50 images. Of these, 30 (10 each of pleasant, neutral, and unpleasant) were chosen from the IAPS (Lang et al. 2005) on the basis of their published affective valence and arousal ratings. To diminish predictability, eight of the ten pictures within each of the three categories were presented with startle probes. The remaining 20 images were created in-house and results from these trials are not reported here.
2 Presentation was pseudo-random such that the same picture category was never repeated more than twice in a row and pictures of each category were equally distributed throughout the session. Pictures were displayed on a 17 in color monitor approximately 1.0 m in front of the participant.
Procedure
During the startle session, participants viewed pictures while EMG was recorded. Each trial consisted of 6 s picture presentation followed by an inter-trial (ITI) interval of 10 s. Acoustic startle probes of 50 ms, 100 dB white-noise bursts with instantaneous rise times were binaurally-presented 3,500-4,500 ms after picture onset (varied to reduce the predictability of the timing of the probes) via noisecancelling headphones. Picture and probe presentation were controlled by the E-Prime v1.1 software package (Psychology Software Tools Inc., Pittsburgh, PA).
To diminish the predictability of the procedure, five probes, equally spaced throughout the session, were presented during ITI's. Pictures were presented in one of two counter-balanced orders to diminish the probability that startle modulation would be affected by the particular order of picture presentation. Pictures were selected on the basis of extreme normative IAPS ratings of valence and arousal separately for males and females, and separate male and female picture sets were used that were matched, pictureby-picture, with respect to published gender-specific normative IAPS ratings of valence and arousal. Two separate age-based sets were used to minimize potentially offensive material for those individuals under 18. This procedure yielded four sets of pictures (i.e., male adult, female adult, male child, and female child), each presented in two different orders. All sets were invariant with respect to the order of image valence categories. The average (SD) normative valence and arousal ratings of images within the four sets are shown in Table 1 and IAPS image numbers are listed in the Appendix.
Pictures were presented twice to each participant. During the first presentation, startle responses were recorded. Next, pictures were presented a second time without startle probes or recording electrodes and participants rated each picture with respect to pleasure and arousal using 9-point Likert scales. During the rating procedures, participants controlled the duration of picture exposure, though viewing time data were not recorded. The range and direction of the ratings for Valence were -4 (extremely unpleasant) to ?4 (extremely pleasant) and for Arousal were 0 (not at all aroused) to ?8 (extremely aroused).
Physiological Recording and Data Reduction
Startle responses were measured via EMG. Five Ag-AgCl electrodes with 4 mm inner diameter (BIOPAC Systems; Goleta, CA) were used: two were placed on the orbicularis oculi muscle below the left eye to record the eyeblink reflex; two were placed behind the ear to record the PA reflex (one electrode was placed directly adjacent to the tendon on the surface of the pinna, and the other electrode was placed on the scalp over the PA muscle per Sollers and Hackley (1997) ; and a ground electrode was attached to the forehead. Biopac tensive adhesive gel was used as a conductive electrolyte. The raw EMG signal was sampled at 200 Hz, and the gain was amplified by 2000. High-pass (50-Hz) and low-pass (500-Hz) filters were applied, and the data were rectified and integrated with AcqKnowledge software (BIOPAC Systems; Goleta, CA). Peak EMG activity was calculated as the maximum EMG response within a window of 10-250 ms for eyeblink responses (Dichter and Tomarken 2008) and 8-30 ms for PA reflex responses (Benning et al. 2004 ) after probe onset. The baseline was calculated as the average EMG activity during the 50 ms before the onset of the probe. Reflex magnitudes were converted to T-scores on a within-participant basis for each measure (i.e., eyeblink and PA reflexes) to adjust for between-participants differences in response and baseline EMG amplitude (Funayama et al. 2001) .
3 Magnitude measures were averaged across each of the three levels of the Valence factor for each startle measure for each participant.
Data Analysis
The omnibus analyses of interest were mixed measures multivariate regressions performed separately on startle eyeblink and PA magnitudes with Group (neurotypical, ASD) as the between-participants factor and Valence (Unpleasant, Neutral, Pleasant) as the within-participants factor. Primary a priori analyses tested whether groups differed on planned linear Valence contrasts. For eyeblink responses, the linear trend coefficients were -1, 0, and ?1, respectively, for pleasant, neutral, and unpleasant marginal means. Conversely, for PA and pleasure ratings responses, the linear trend coefficients were ?1, 0, and -1, respectively, for pleasant, neutral, and unpleasant marginal means. Linear trend tests were followed by tests of differential modulation to unpleasant and pleasant images, each relative to neutral images, and finally tests of group differences in modulation to each image category alone were conducted.
For valence ratings, the a priori planned contrast was a linear trend test as well (trend coefficients: -1, 0, and ?1). For arousal ratings, the a priori planned contrast was a quadratic, rather than linear, trend test (trend coefficients: ?1, -2, and ?1).
Results
Gender and Age Effects on Reflex Modulation
There were no significant main effects or interactions involving gender, age, and picture set on the primary dependent measures. In addition, age was not correlated with eyeblink or PA startle responses to the three picture categories or to differences between any picture categories, p's [ .20. Thus, age and gender were excluded from all analyses reported below. However, because groups differed in age, we present selected supplementary omnibus analyses excluding neurotypical participants age 17 and older (n = 20).
Eyeblink Modulation
Figures 1 and 2 depict average startle and PA reflex responses, respectively, for both diagnostic groups. The Group 9 Valence ANOVA on eyeblink magnitudes Fig. 1 In summary, neurotypical participants exhibited typical linear valence modulation of the eyeblink reflex, whereas individuals with ASD did not, and group differences on Valence startle eyeblink modulation were significant. Groups differed in potentiation of the eyeblink reflex to pleasant pictures and in overall magnitude to pleasant pictures.
Eyeblink Modulation Excluding Older Neurotypical Controls
When controls 17 and older were excluded, eyeblink modulation findings were nearly identical: The Group 9 Valence ANOVA on eyeblink magnitudes revealed no main effect of Valence, F(2,37) = 0.11, p [ .90, or Group, F(1,38) = 0.16, p [ .70, but there was a Valence 9 Group interaction, F(2,37) = 3.89, p \ .03. The linear Valence trend was non-significant as well, F(1,38) = 0.00, p [ .98, but the Group 9 linear Valence trend interaction was significant, F(1,38) = 6.84, p \ .02.
Postauricular Modulation
The Group 9 Valence ANOVA on PA magnitudes revealed no main effect of Valence, F(2,54) = 2.08, p [ .10, a trend towards a main effect of Group, F(1,55) = 3.50, p \ .07, but no Valence 9 Group interaction, F(2,54) = 1.68, p \ .15. There was also no linear Valence trend, F(1,55) = 1.10, p [ .30, or Group 9 linear Valence trend interaction, F(1,55) = 2.21, p [ .10. Exploratory between groups t-tests on PA differences during pleasant and unpleasant images, relative to during neutral images, revealed that groups In summary, neurotypical participants showed the expected affective modulation of the PA reflex, but participants with ASD did not. Groups differed in potentiation of the PA reflex to unpleasant images.
Postauricular Modulation Excluding Older Neurotypical Controls
When controls 17 and older were excluded, results were highly similar: The Group 9 Valence ANOVA on PA magnitudes revealed no main effect of Valence, F(2,37) = 1.95, p [ .15, no main effect of Group, F(1,38) = 0.62, p [ .44, and no Valence 9 Group interaction, F(2,37) = 1.11, p [ .34. There was also no linear Valence trend, F(1,38) = 0.96, p [ .30, but a trend towards a Group 9 linear Valence trend interaction, F(1,38) = 4.00, p \ .06.
Relations between Eyeblink and Postauricular Startle Measures
To test relations between eyeblink and PA startle measures, correlations were conducted on responses to the three image categories as well as modulation to pleasant and unpleasant images. There were no significant relations within or across groups, r's \ .14, p's [ .30.
Self-Report Responses to Pictures
Figures 3 and 4 depict ratings of pleasure and arousal, respectively, for both diagnostic groups. The Group (neurotypical, ASD) 9 Valence (Unpleasant, Neutral, Pleasant) regression performed on pleasure ratings revealed a main effect of Valence, F(2,54) = 90.87, p \ .0001, and a significant linear Valence trend, F(1,55) = 127.64, p \ .0001, but no main effect or interactions with Group, p's [ .75 . Similar analyses of arousal data revealed a main effect of Valence, F(2,54) = 82.58, p \ .0001, and a significant quadratic Valence trend, F(1,55) = 91.54, p \ .0001, but no main effect or interaction with Group, p's [ .10. In summary, there was no difference between neurotypical and ASD participants in their affective ratings of images.
Discussion
The present study assessed affective startle eyeblink and PA modulation by normative emotional pictures in participants with ASDs and a neurotypical comparison group. The comparison group replicated the classic linear modulation patterns by valence on both eyeblink and PA reflexes. However, the patterns of data in the ASD group were non-linear, and there were group differences in eyeblink modulation to pleasant images and postauricular modulation to unpleasant images. These results imply one of two conclusions: (a) ASD is characterized by anomalous neurobiological systems mediating approach and withdrawal motivation to exteroceptive stimuli; or (b) the IAPS images had differential emotional impact on ASD and neurotypical participants. Our finding that groups did not differ in subjective ratings of valence and arousal argue for the former interpretation.
Patterns of reflex modulation suggest two interpretations of affect modulation in ASD. First, ASD may be characterized by an overall lack of modulation to affective stimuli. This pattern is consistent with the lack of startle blink modulation that has been observed in major depressive disorder (Dichter et al. 2004; Dichter and Tomarken 2008; Kaviani et al. 2004 ) and may indicate a deficit in basic emotional reactivity in ASD. The lack of any substantial emotional modulation of the PA reflex in our ASD sample is consistent with this interpretation, which would also suggest a dissociation between psychobiological measures and subjective ratings of emotion in ASD.
Alternatively, modulation patterns to both pleasant and unpleasant image categories indicated that ASD may be characterized by reflex potentiation in affective contexts where inhibition would be neurotypical (i.e., eyeblink modulation in pleasant contexts and PA modulation in unpleasant contexts were both potentiated relative to the comparison group). Startle eyeblink potentiation has been observed during internal visualization of personally relevant emotional scenes (Miller et al. 2002) and enhancement of emotional states due to emotion regulation (Dillon and Labar 2005) . Thus, individuals with ASD may engage in greater internalizing of pleasant stimuli, although this interpretation must be tempered by the overall lack of modulation in the ASD group.
Differential startle eyeblink modulation to pleasant images is consistent with the conceptualization that the social cognition deficits that are characteristic of ASDs (American Psychiatric Association 1994) may reflect a broader dysfunction in neurobiological systems mediating approach towards putatively appetitive stimuli. We note that differences in responses to pleasant images was observed only in eyeblink modulation patterns but was not evident in PA reflex modulation, our presumed measure of appetitive dispositions, and thus this finding bears replication. Another unexpected finding was group differences in PA reflex responses to unpleasant stimuli, suggesting the possibility that the ASD group found this category of stimuli to be more approach-motivating than the comparison group. Though the precise reasons for this result are unclear, this finding is broadly consistent with the idea that ASD may be characterized by atypical responses to affective stimuli. Bernier et al. (2005) reported intact startle eyeblink potentiation to threat cues (i.e., internal states) in a classical conditioning paradigm in ASD, suggesting that the startle modification circuit in response to internal emotional states is unaffected in ASD. The present findings, however, suggest a dysfunction of the startle modification circuit in response to exteroceptive stimuli. It thus appears that the methods used to generate emotional states in the laboratory Fig. 4 Arousal ratings of both diagnostic groups. Error bars are standard errors of the mean. The range and direction of the ratings are 0 (not at all aroused) to ?8 (extremely aroused) could have profound effects on the patterns of results in ASD samples. It may be the case that stimuli that symbolize threat potential do not activate the defensive system indexed by the startle blink reflex in individuals with ASD, yet actual aversive outcomes, such as those delivered in a conditioning paradigm, mobilize defensive emotional processing in ASD during contexts that typically elicit defensive activation.
Eyeblink modulation patterns in the present study demonstrate both similarities and differences with those presented in Wilbarger et al. (2009) , where individuals with ASD showed startle potentiation to both positive and negative stimuli. In the present study, individuals with ASD demonstrated eyeblink potentiation to pleasant stimuli; however, they did not show eyeblink potentiation to unpleasant stimuli. The unpleasant pictures in our study featured relatively more scenes of interpersonal victimization, whereas those in Wilbarger et al. (2009) included accidents and scenes of contamination. It may be the case that scenes of interpersonal violence activate the defensive system less than scenes of accidents in ASD. In this regard, both the Wilbarger et al. (2009) study and the present data point towards anomalous reflexive responses to startle probes that may be most pronounced in response to normatively pleasant stimuli. Additionally, both studies found no group differences in valence ratings of images, and the present study found no differences in arousal ratings as well.
Although eyeblink and PA affective modulation response profiles are generally the inverse of each other (i.e., greater during unpleasant than pleasant for the eyeblink response and the inverse for the PA response), we note that these two measures are, in fact, uncorrelated (Benning et al. 2004; Sandt et al. 2009 ), indicating that they measure independent dimensions of emotion. Potentiation of the eyeblink reflex represents activation of the defensive emotional system which, in turn, promotes the withdrawal from frightening or threatening stimuli. In contrast, potentiation of the PA reflex represents activation of the appetitive emotional system, which drives people to approach pleasant or life-sustaining stimuli. Thus, these measures are not redundant in their meaning, but rather represent complementary means to address fundamental questions about the biological basis of motivational priming.
The present findings suggest anomalous responses to normative emotional stimuli in ASD. These findings are generally supportive of the model of Bachevalier and Loveland (2006) that ASD may be characterized by impaired functioning of brain circuitry mediating socialaffective behavior, and that anomalous responses to social stimuli in ASD may reflect broader affective dysregulation. Infants and children with ASD demonstrate decreased social attention and social orienting to social stimuli (see Dawson et al. 2002 for a review), and it has been argued that such behavior reflects the lack of sensitivity to social reward (Dawson et al. 2001; Mundy and Neal 2001) . The present findings indicate one potential neurobiologic system that may mediate this behavior and suggest that putatively rewarding stimuli may not be processed as such. Blunted responses to negative affect have been reported in ASD as well (Sigman et al. 1992; Corona et al. 1998) , and support the present findings that ASD is characterized by generally anomalous neurobiologic responses to emotional stimuli.
Another noteworthy finding of the present study is the dissociation between neurobiologic and self-report responses to emotional stimuli: whereas reflex modulation responses were clearly different in the ASD group relative to the neurotypical comparison group, self-report ratings of both Valence and Arousal were nearly identical across groups. This pattern suggests that variations in reflex modulation may be a more sensitive index of differential affective responses linked to ASDs than subjective selfreport. A number of other disorders are characterized by dissociation between profiles of affective modulation of the startle response and subjective responses to emotional stimuli, including psychopathy, borderline personality disorder (Herpertz et al. 2001) , and unipolar depression (Dichter and Tomarken 2008; Dichter et al. 2004) , highlighting the utility of reflex modulation to provide unique information about affective states.
Though the present study clearly did not directly measure amygdala function, findings implicate alterations in the startle eyeblink modification circuit, which is mediated by direct projections from the lateral and central nuclei of the amygdala to the nucleus reticularus pontis caudalis (Davis 1989; Davis et al. 1997; Hitchcock and Davis 1987; Fendt et al. 1994) . The functions of the amygdala include assessing the emotional significance and reward value of a stimulus (Gaffan 1992; Malkova et al. 1997 ) as well as enhancing memory for emotional stimuli (Phelps and Anderson 1997) . It has been argued that amygdala dysfunction may be a core feature of ASD (Baron-Cohen et al. 2000; Schultz et al. 2000) that results in disruption of the ability to assign meaning to social stimuli (Fein et al. 1987) and to acquire the normal motivational and emotional significance of stimuli (Fotheringham 1991) .
There are a number of caveats associated with the present study. One limitation is the age difference between groups. In this regard we note that age was not related to startle responses within the neurotypical group, age did not moderate startle responses overall, and results with a subset of participants matched on age were highly similar. Furthermore, startle eyeblink modulation has been demonstrated in samples of children as young as 4-8 years old (Waters et al. 2008 ) and 4-7 years old (Essex et al. 2003 ). However, it is possible that affective modulation of the startle responses may be affected by development during ages 17-30, and future studies with age-matched groups are necessary.
Additionally, recent data suggest the potential effects of pubertal status on the startle responses (Quevedo et al. 2009 ). Pubertal status was not assessed in the present study, and the age ranges of ASD sample likely included participants who were pre-pubertal. Moreover, other psychophysiological indices of affective responses, such as skin conductance, heart rate, and corrugator and zygomatic muscle activity were not recorded. In particular, psychophysiological indices of affective arousal would be necessary to determine whether differential responses to stimulus valence or arousal are driving the present findings. Finally, valence and arousal ratings of IAPS were relatively moderate compared to published studies using the same image set (e.g., Dichter et al. 2004; Dichter and Tomarken 2008) .
We also note that eight of the 20 children with ASD were taking psychotropic medications (i.e., SSRIs, stimulants, an atypical antipsychotic, and an alpha-2 agonist). Though the uneven distribution of medication use in this relatively small sample does not allow for a meaningful statistical analysis of the effects of these agents on startle modulation patterns, we note that the literature does not suggest a systematic bias towards greater or lesser startle modulation as a result of taking these agents. Specifically, the effects of selective serotonin reuptake inhibitors on startle responses differ based on whether administration is acute or chronic; i.e., single doses increase startle potentiation to aversive pictures (Browning et al. 2007 ) whereas more chronic administration blunts startle potentiation (Harmer et al. 2004 ; but see Harmer et al. 2006) . Though there are no data regarding the effects of antipsychotic and psychostimulant medications on startle potentiation, these agents do not appear to affect overall startle blink magnitude or habituation (Graham et al. 2004; Wynn et al. 2007 ). Anticonvulsants may reduce startle potentiation (Khan and Liberzon 2004) , whereas olanzapine, halperidol, risperidone, and quetiapine (Graham et al. 2004; Wynn et al. 2007 ) as well as psychostimulants (Hanlon et al. 2009 ) do not affect startle magnitudes. Finally, the effects of these agents on PA modulation are unknown.
In the present study, reflex magnitudes were assessed during the so-called ''late valence'' phase of the affective response by probes presented 3.5-4.5 s after image onset. Reflex modulation patterns may be assessed throughout the full chronometry of affective responses (Dichter and Tomarken 2008) , and studies that incorporate startle probes presented at different latencies could assess whether the affective startle modulation differences observed in ASD in the present context extend to probes indexing affective anticipation (i.e., by presenting startle probes during cues signaling the valence of forthcoming affective images) and early attentional processes (i.e., by presenting startle probes \ 500 ms after picture onset) as well.
Despite these limitations, the present findings indicate anomalous affective startle modulation in ASD. These data are consistent with cognitive neuroscience models of brain function that conceptualize social cognition within the broader framework of affective processing, and future startle modulation research should assess response patterns to social stimuli specifically in ASD. These findings also suggest that studies of social cognition in ASD should incorporate conditions that asses responses to affective stimuli more broadly to test the specificity of finding with respect to social information processing.
